Introduction
============

Spinal stenosis, of which the main cause is the progressive narrowing of the spinal canal through a degenerative process, is a common disease in elderly patients. Stenosis of the spinal column has a range of symptoms, such as claudication, radiculopathy and myelopathy, according to the level and severity of the stenosis. Although spinal stenosis can occur at any level, it occurs most often at the most mobile segments of the spine, i.e., at the cervical and lumbar levels \[[@B1]\]. Most cases of spinal stenosis occur at single anatomical segments, such as the cervical, thoracic or lumbar segments. However, it can also develop simultaneously in multiple anatomical segments, which can create confusion in the diagnosis and treatment \[[@B2]\]. Teng and Papatheodorou \[[@B3]\] first described concurrent cervical and lumbar stenosis, and Dagi et al. \[[@B4]\] were the first to use the term \"tandem spinal stenosis\" to describe combined stenosis.

Some clinical studies reported tandem stenosis with a varied prevalence, and described the characteristics of the disease and its treatment options \[[@B1],[@B2],[@B4]-[@B8]\]. However, the diagnosis and definition of multiple concurrent spinal stenosis have yet to be clearly defined. Lee et al. \[[@B9]\] reported the prevalence of cervical and lumbar bony stenosis in their cadaveric skeleton study, as well as the prevalence of tandem cervical or thoracic bony stenosis. However, their study did not consider soft-tissue pathology, and could not clarify the relationship of the disease with the clinical symptoms, as they used cadavers. To date, the cervical or thoracic lesions without apparent symptoms in patients with symptomatic lumbar stenosis had not been evaluated. The awareness of the asymptomatic cervical or thoracic lesion before lumbar surgery is clinically important because the symptoms related to cord compression can emerge due to aggravation by a cervical or thoracic lesion through a prolonged flexion or extension position during surgery \[[@B10],[@B11]\].

The purpose of this retrospective study was to identify (1) the prevalence and risk factors of an asymptomatic cervical or thoracic lesion, and (2) the risk factors affecting the severity of the lesion at the cervical and thoracic spine in elderly patients who had undergone surgery for lumbar stenosis.

Materials and Methods
=====================

A total of 101 consecutive elderly patients (aged 65 or more), who had undergone surgery for lumbar spinal stenosis within the period from January to December 2005, were enrolled in this study. There were 39 males and 62 females with a mean age of 71 years (range, 65 to 86 years) ([Table 1](#T1){ref-type="table"}). The mean symptom duration was 23 months (range, 1.5 to 120 months). Back and leg pain, with or without neurogenic claudication, was their chief complaint. A small number of patients reported mild axial neck pain or a tingling sensation of the upper extremities but the symptoms were not apparent. Mild symptoms were defined as symptoms showing less than 3 points on a visual analogue scale and did not disturb their daily life. All patients underwent lumbar magnetic resonance imaging (MRI) along with T2-weighted cervical and thoracic sagittal MRI before surgery. Any patient with degenerative spondylolisthesis or instability was excluded. An orthopedic surgeon and a neurosurgeon, who were not involved in the surgery, evaluated all the radiological images using digitalized tools in a PACS system PiView 1.0 (Infinitt Co, Ltd., Seoul, Korea). Two surgeons classified the lesions and graded their severity on the T2-weighted cervical and thoracic sagittal MRI. The lesions were classified into a herniated intervertebral disc, ossified posterior longitudinal ligament, ossified ligamentum flavum and bony stenosis. The severity of the lesions was graded as follows: grade 0, no lesion; grade 1, any lesion compressing only the thecal sac; grade 2, any lesion in contact with the cord, without compression; grade 3, any lesion compressing the cord without signal change; and grade 4, any lesion compressing the cord with a signal change. Each grade was confirmed by the most severe lesion on the T2-weighted cervical and thoracic sagittal images, and a concurrent cervical or thoracic lesion was defined as a lesion showing more than grade 1 severity ([Table 2](#T2){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). The prevalence of concurrent cervical and thoracic lesions was then analyzed. In addition, the risk factors for a concurrent lesion, including gender, symptom duration and number of lumbar stenosis occurrences, were evaluated, and the relationship between the severity of the concurrent lesion and the same risk factors was separately analyzed. To determine the intraobserver and interobserver reliability, the severity of the lesion was graded twice with one-week intervals, and the dataset of the two different observers were compared and assessed.

Results
=======

Seventy-seven patients (76.2%) showed a concurrent cervical lesion and thirty patients (29.7%) showed concurrent thoracic lesion. Twenty-six patients (25.7%) showed both cervical and thoracic lesions, and 9 showed mild symptoms related to the concurrent lesion: mild axial pain in five, an intermittent tingling sensation of the upper extremities in four. However, there was no increase in the deep tendon reflex or myelopathic symptoms. Of the patients with concurrent cervical lesions, 56 had disc herniation, 17 had bony stenosis, and four had an ossified posterior longitudinal ligament ([Table 3](#T3){ref-type="table"}). In the thoracic spine, 18 patients had disc herniation and 12 had an ossified ligamentum flavum. The patients with concurrent cervical lesions showed the following lesion severity: grade 0, 24 patients; grade 1, 37 patients; grade 2, 16 patients; grade 3, 21 patients; and grade 4, 3 patients. In the case of thoracic lesions, the degree of severity was graded as follows: grade 0, 71 patients; grade 1, 19 patients; grade 2, 11 patients; grade 3, 0 patient; and grade 4, 0 patient.

The grading of the severity of the lesions showed high reliability. The interobserver reliability test showed the same consistency. The datasets that showed the highest reliability coefficient were used for data analysis (the second measurement of observer 2 was used). There was a positive correlation between the symptom duration of lumbar stenosis and the incidence of the cervical (*p* = 0.044) and thoracic (*p* = 0.022) lesions ([Tables 4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}). However, there was no significant risk factor affecting the severity of the lesion in the concurrent cervical and thoracic lesions.

Discussion
==========

The prevalence of a concurrent cervical lesion with no apparent symptoms in the patients in this study, who had undergone lumbar decompression with stenosis, was significantly high. The prevalence of thoracic lesions was much lower than that of the concurrent cervical lesion. However, simultaneously existing cervical and thoracic lesions were also detected in a number of patients. The longer symptom duration was related to the development of concurrent cervical and thoracic lesions. However, there was no factor that was related to the severity of the lesion.

Many studies reported the concurrent stenosis of the cervical and lumbar spine \[[@B3],[@B6],[@B12]-[@B15]\]. In 1984, Epstein et al. \[[@B1]\] showed that in a hospitalized cohort of patients with spinal stenosis, 5% had a symptomatic coexistent cervical and lumbar spinal stenosis. Dagi et al. \[[@B4]\] defined the symptom triad of the \"symptomatic tandem spinal stenosis\" as intermittent neurogenic claudication, progressive gait disturbance, and findings of mixed myelopathy and polyradiculopathy in both the upper and lower extremities. Previous clinical studies reported a 3.4-28% incidence of tandem spinal stenosis \[[@B1],[@B2],[@B4],[@B5],[@B7]\]. Lee et al. \[[@B9]\] reported a 21.5% incidence of cervical stenosis and a 16.8% incidence of lumbar stenosis in their cadaveric study, as well as a 5.4% prevalence of tandem stenosis. They also reported a significantly higher prevalence of a combined lesion with cervical and lumbar stenosis than that of an isolated lumbar or cervical stenosis.

However, in previous clinical studies, only patients with a symptomatic concurrent cervical and lumbar stenosis were enrolled, and concurrent lesions with no apparent symptoms were not considered. Cadaveric studies also provided no information on the prevalence of stenosis in the soft tissues due to their use of cadaver skeletons, which also made it impossible to evaluate the relationship between the lesion and clinical symptoms \[[@B9]\]. In this study, 76.2% of the elderly subjects, who had undergone a decompressive procedure at the lumbar spine for stenosis, had cervical lesions. This is much higher than that reported in previous clinical studies, which evaluated symptomatic patients, suggesting that most elderly patients with a symptomatic lumbar stenosis had a concurrent cervical lesion. In addition, the prevalence of a concurrent thoracic lesion was 29.7%, and 25.7% of patients had both cervical and thoracic lesions. These conditions have apparently higher incidences than previous studies.

Although concurrent stenosis accompanied by symptoms can create confusion in planning a treatment strategy, the development of diagnostic equipment, such as MRI, has made it easier to detect a concurrent lesion. Asymptomatic concurrent cervical or thoracic lesions in patients with symptomatic lumbar stenosis are difficult to recognize. However, no study has reported the prevalence of asymptomatic concurrent cervical or thoracic lesion in patients with lumbar stenosis. Although there is no definitive report on the incidence of the postoperative aggravation of the symptoms due to an undetected concurrent spine lesion, such lesions can cause new symptoms to appear due to its aggravation by excessive flexion or extension posture of the cervical or thoracic spine during the intra- or operative period. Deem et al. \[[@B10]\] and Langmayr et al. \[[@B11]\] reported cases developing quadriplegia after thoracolumbar decompression in elderly patients with cervical spondylosis. They suggested that the cause of quadriplegia is cord compression by a hyperflexion posture or decreased cord blood supply as a result of positioning or hypotension. They made a point that careful positioning is essential in patients with cervical spondylosis when the prone position is used.

To evaluate the risk factors associated with the increased incidence of concurrent cervical and thoracic lesions, the authors analyzed the age at the time of surgery, gender, number of lumbar stenosis occurrences, and symptom duration. Among these, the symptom duration showed a significant correlation with both cervical and thoracic lesions. LaBan and Green \[[@B7]\] reported that a tandem stenosis is more frequent in patients older than 51 years of age. Although the present study enrolled elderly patients older than 65 years of age, there was no relationship between the concurrent lesion and age. In addition, no risk factors affecting the severity of the lesion were found.

This study had of the following limitations: (1) the possible intrinsic flaw of a retrospective study design, (2) foraminal stenosis was not considered because the diagnosis of concurrent stenosis was made only by a T2-weighted middle sagittal image, (3) the problematic evaluation of age as a risk factor because only patients over 65 years of age were enrolled, and (4) there was no control group for comparison purposes. Therefore, a further study of various age groups with a control group, as well as an evaluation of lumbar lesions in patients, who have undergone cervical or thoracic decompression for stenosis, will be needed.

Conclusions
===========

Most of the elderly patients who had undergone lumbar decompressive surgery due to stenosis had a concurrent cervical lesion without apparent symptoms. A longer symptom duration was found to be related to a higher incidence of concurrent cervical and thoracic lesions. Therefore, to prevent unexpected clinical outcomes, it would be prudent to exclude concurrent lesions before commencing lumbar stenosis surgery in elderly patients.

![Grades of the severity of cervical and thoracic lesion. **(A)** Grade 0: No compressive lesion. The cerebrospinal fluid (CSF) flow is intact, and there is no indentation with compression. **(B)** Grade 1: The herniated cervical intervertebral disc compresses the thecal sac (black arrow) but the CSF flow is maintained. **(C)** Grade 2: The herniated cervical intervertebral disc compresses the thecal sac and contacts the spinal cord with mild compression (black arrows). **(D)** Grade 3: The herniated cervical intervertebral disc compresses the spinal cord (white arrow) but there is no cord signal change. **(E)** Grade 4: The herniated cervical intervertebral disc (white arrow) and hypertrophic ligamentum flavum (black arrow) compress the spinal cord with a signal change (white arrowhead).](asj-4-65-g001){#F1}
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Demographic data
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Grade for severity of cervical or thoracic lesion
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Classification and severity of the concurrent cervical and thoracic lesion
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OPLL: Ossification of posterior longitudinal ligament, OLF: Ossification of ligamentum flavum.
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Risk factor of the patients had concurrent cervical lesion
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Group I: Patients had no cervical lesion, Group II: Patients had concurrent cervical lesion.

Sx: Symptom.

^a)^Independent two sample *t*-test, ^b)^Cochran-Mantel Haenszel test, ^c)^Chi-square test, ^d)^Wilcoxon rank-sum test.
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Risk factor of the patients had concurrent thoracic lesion
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Group I: Patients had no thoracic lesion, Group II: Patients had concurrent thoracic lesion.

Sx: Symptom.

^a)^Wilcoxon rank-sum test, ^b)^Cochran-Mantel Haenszel test, ^c)^Chi-square test.
